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IS? ICfc^Ts SufB2^J-X±(D^7 7 y- K0)3«¥«iSa 
ftE5B<Dft&«iSB (§*W3^:Slcfcn*&i!&ft|g<D10% 

T, fiij|B2jfJ-X±<D3'c7 7 y-Kli, W^iRiDtiBSffiHQ 

3 ] m^Rj^ 1 xi* 2 imm^nm^m^iz 

[M $8 5 ] IfsfcJS 3 lciB*flM!£«SSHie?l::3SC'* 
T» MfBm^UtfSmWfcilS'JKIS^tU fro, §m 

[W*3B 6 ] flt$]g 1 ~ 5 ©t"»-rti3trtc|BK©3Wi* 
SSSg^Kfci^T, MiBftT'y- K©'J>& < <h 1 1 

[M$£ 7 ] ff 1 ~ 6 ©ff'tlJ&'fcfBIB© 
SiJR^tcfcfTx JtAlifffiiJlca'fcJfit^7'y-KA\ fe 

[W*Ji 8 ] IS jRH 6 Xli 7 lcl3K<Dftffi^&iS?lc 

mat* 9 1 natig 1 ~ 8 ©f-rtiswcgBKwswta 
twifc TfymitiVn. mmnM. xxwtitim. 

raw** i o i maro i ~ 9 ©^rn*tcE«©jw 

[ff*H 1 1 ] f§*JS 1 ~ 1 0 <D^?tlbHCtm<DX 

[train 1 2 1 it aox 1 ~ 1 1 w-rtitrtcttsnmift 

[W*JH1 3] fll#Jjn~1 2«7)^-rn*HcfBiE<D3 l 6m 
[000 1] 



[0 0 0 2] 

(H. Ger ischer. Photochem. Photobiol. , 16^, p243-260, 

1972^) . exa*m«raicjBi'>«JttK& 

>£KfgJgL (T.Miyasaka, et al.. Nature, 277g, p63 
8-640, 1979^, m. mm, 19g, p532 - 541. 1981*f ) , 

* Z*f£i**f8 10 T800~900 n m * pHl^f ijffl T 
2\ 10%i£tvfc^3fcx*/b=£-^&&ipaM#6ftTV 
£>„ CtieOg^S'tfili. Nature, 353g. p737 - 74 
0, 1991^fc,fctBKIII&ir4927721^ |H5350644^ f$ 
^¥5-504023^* oT$^I*-*lTl/>2>o dftScDS 

?tdca$*Sttt5WA3tifJa)$ (IPCE) (D|p]± 
(S*^»JE»JI«3lHfi*Jsc<D|q]±) iBSESgftiE® 

BE (Voc) <Dft±T'3bZ><, 
[0 0 0 3] C<7>afi<KD/c«>lC. fettBSfflJoatfti: L 

T% Chem. Commun. , p1705-1706. 1997fpKtel>RiR;&^fI 

iflBfeJRfcJBloT*— b/l/Tftf'Jfil^=£ffi* U Jsc£ 

JB^afiflHstim^-r ^ffe^TI PCE-^Voc^: S 

ft. J. Phys. Chem. B, mi03^, p8940-8943tCtt p SJ¥#i* 
SSIi^felRT'tgSLTJtAV- KlcfflL>*^. W099 
/1 63599^1 IC ltZ.<DKt>V- K^fe^iiSS n <t 

*\ K-h V - KfiKD&XJMKI!]* <t KWfoftX.T /— K 

[0 0 0 4] ¥^tt«if40ffi'JCO%«t LTfctTl 

tf, J. Phys. Chem. B, 103#, p9238-9332, 1999^lC 

A^»*fbLfce*s IPCEiJsobM^LTm^a)^ 
[0 0 0 5] CKO^dlcfe^it^^fls^cfe^X^wl/*' 
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3fe«aEJsc£«?-m?L©«f#«©x*;Wf-»»* 
[0 0 0 6] 

(IPCE) % «eV(eOK«Slies (Jsc) 4)2SS 
[0 0 0 7] 

*i»iHafiicfei**i»3tt*o!)io%©i!S3'fcaE*mrfiafi 

c<bic<fcy. aw&b*. *tA*f3fc*pab* (IPCE) „ 
smcsaraaM (Jsc) <D&m-&titc&mm»£&t 

[0 0 0 8] Tfcto-B* *»»D3lMt£JftJiePtt* Alt 

2 iu.±(o^ey y - k* «■ L/s c t *»«^ ir 

[0 0 0 9] *5eW©3tt*j6tt, *5BW©3tt*a 

[ooio] *aw(*TEftff*si/£rcticj:y» - 

[0011] (1 ) BulB2^1X±©7 l c7'y- KI4 % #3* 

[0012] (2) jt^y-K* tmnwfi^tfHi 

<* «H5**lU*i«**«ilcSt5"J(cJS$*n, fro* &m 
■fc iWA^iL «0flttl38ttjBVEa41*ti^fl£tf1 5%J-X 

[0 0 13] (3) BulB7 l c7'y-KcD'i>^<<tt,lo 

tfff*L<, ytAWfiUicgtifit^ry-K^ fe^T- 

l\ £fc. BuSBfeiiS#l3*l£JIS*k :7$Pv'7 , X> 
[0 0 14] (4) itijlB&ftTV- K«Wfifi-r%¥«(* 

m*iL*t)\ =j-*>mm. aumfcfc xx^t* $ 



iBftTV- K©-5 <<t*> 2 Ojb\ 5l"liJt%«& 
JlMlbllfr'E.&^c: tft&Z Lt\ 
[0 0 15] (5) KtlBQfif^lbJI^ -f*>et©t4« 

[0 0 16] 

[fgBJlWHJSromSI] *5BJB©3fe«£«llt?W:. Al^ft 

&mzmm? z. t \z & y 

[0 0 17] *^BJ!^m^«?fi. #£L< 1*111 

o. a*5f?K]ji3o, mmmmw§Aoa outmmmmm 

40) OJOHClMU iijfB^6J120£e!ig22K«£oTti!§* 

izmm^tts-? % tz mmm 1 (hms j; xs/ £ fc i* 

at«#WI40flW«:, il0^St55Oa ($/ct*S«50) «IB 
ttTt»«fcl\, WT**WPtt» SP^/l 10fc JctfffitTlS 

die L7bt<7)3b^7 l c^T»^o 
[0 0 18] *^lcfc^Tli. ^3t5^fi?lisJ<DS3S:^ 

os^atfawtJi (fc<J:c>^^cfSL:Tfflt^i.^cD$ 

ft. ^-©fft<DSE3tJls SPSS. S**f*«fcll«lcffl*T* 
»A ±/!CD®7 l 6S^ilj§L/i:^*^mJi*2l51LTJlC0 

[00 1 9] HI IC^-rm-bJKCfcUTs fe^22lc,J;y 
*lfc^f*ta*S?21*^t»S5^Jl20lCAIt Lfc3t 
life^22H^aSEL, SblH*n/c&^22l?^Oai^;U 
+'-<DB?*^®i*:«S«t?2i(De^lf3g*tis TJrSK 

t£»icj:yw«jiiojcaar*. cwts-a^^a)^ 

* 0^6^gp[£lS8Ttt«^ L3S:^S*Jfii#fi)140fc J: 
l«tSf»«l»30*tiTfe*22*(OBMbfl:icR U > fe^22 



(4) 
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[oo2o] (a) KWM&m* nnmn&nmtom 
zimwr;- K#«jiartiTiiij«**i*. 

[0 0 2 1] CCT*, *BJft8fig<*>^f*0!l^ 02fr£>0 
6fc5VT. 0 21*. #-5A©«fc5&«SfeaRB26:3£J#f*:50 

3!S3tJi20a tflS«JI20b iMftaS-tU ?(D±JI£TJI 
lc«e»»JB3036PB^*l» «±Slctt*«£ L?aQH3P 

mji4o a *aj# Lfcflteanaasasflso a . sthici* 

&Lfc£*#<*50#I3B*ft. C+lSOlMiJltfSlMcm 
<D10at40al*|^U^»?£oT J t>g£:^T : fcai\ C 
W»»Ji30*a»Lfc«H:, JgftH20a<!:JK3fcJf20b£ 

m#®aLTSTJi<D3tt&40T*jga***is. cct. «s 

3WiW:#?LJIO¥*ft«-p»y, *3W20bt*J«3Wi20 
a left LT*fl)«3ttjftfi««H? J: »J d <t 

tffffK, SSftJf 20 a TqWRfft&frofettliT/e® 
^7 l c@20bTi!RiK*ti^o ®*5&»J130te-tr;l/£t*:*ii 

[0 0 2 2] 031*. m2LmWS.mtM20a. 20b£ 
^«M!iUTa6*#, JK3tJ120 a (CH LTi8Jl©JII#J!i£ 

«±«tt»«"Pft < SKH20 a i*-fl)5SJttt?a& 
y. *©T«lcm5»»JI3<MWIM'U *©Tlc» M-ffi 

tfjmmjiottsw a . tbnfrwifmNmmwa t 
mtmm b Ltcmwmtizso a tfi^ns, 

<05»ttJ*«T5l**n*o 0 3 ©fifiEli&ftJf 
JfeWRtttfOA?. 0 2C7)*g»5X<i:y* J $?£ LL\, fftto 
H2lcfc^Tt*. A»3tjW*U»KII?5;&SWf lt<fc 

[0023] HI 4 3 aa>jS3tt%SfRAC<39S«: 

03 £ m £Z*& Us JKftJ120b<OTJIlC*tlS (40a £ 50 
a) ^(*5-A,T«7 l cJ120c6^iI110*n^„ CCT*. S% 
H20 c CD^3 l c»mfItsEl*^3 , cJ120 b (DfiUfeXSfllffJ: U 

UttfcHCl*. &#Jf20al*#ei~*ife<D«iig£*. 15 
3"cJ§20 b »i*8fe~#fefl5«a*» «3fc»20 c t**fe~* 



[0 0 2 4] 0 51*. BUQflMMUttlC* VSOffiSffi 

u««a:e»*iRi±*-&*fca6<o*« u - ki 1 *» a 

if§t»>10pin!b % 6 1 mm. ff5"iP0. 1 pm&6 1 ^m©ia 

L<i*aB^ffi40ao)smew^iRj±*-y:*aMTift»t 

TO«&rtffi i feL<U:»iJ[M»«Ji10a£ £ft*50 a <Z>N 
a3«fctf/Sfct*aWi#«3MS40a ££8f*50 a (DFSlz 
JfA^ti^o 'J- FJBtt*aWe*oT*i<fc<s m 

[ 0 0 2 5 ] 0 6 1*. 3 a©^^5fig^JSE©S^^M^ 
St. 1 ■®*6Itt«*fflU'fc«J««D0!|-e»*o «7X 
O*oaaWftS»«:50a*3«H8fflU 811 
SOaarFEU^TtJ^OaSmK m 2 (D^Jf #50 a <D± 
ffilE«*fi»20b*S»t*tt'fc»CTffll=JB31fi»20c*S 
W\ m3(D3£}#<*50a^±ffilt«il^@40^IStt. SulB 
*3W20at20bt<3!)BBatf» BftJf 20ct*Hl40t<DF E g 

ji20b. &2(o3iftmoaXiifmxm20c*nmT2> ! mm 

»«lffl<J!>U— >?Llalc*y» S0fcJB2Oa. 20b. 20c t^ 
<£40tl*. *ft^ft1g^&I)Wf30£fl-LTJ£LTl^o 

[0 0 2 6] 02 3^606©S*«lfiRltfc^T. -feJHSfe 
gg©at#£Dfc46lcSa©*iS&Jl*JfALTffl^Sc:t*P 

[0 0 2 7] ±E©*l8W©aJlSi«Bfi-b7blCfi^T, 
1 ) ^T^^^^gPOiESTSS^LT^il^lt L. 

Sfc. Ai^a)B3 , 6S<DTife<DaB^«Ji^i5iL:<^a5[Hi 
sgT-^LTttiiT'y-Kt-r^o rstot. 

T«fi8*ti*«WH«iaSi-b;l/. 

[0 0 2 8] 0 7. 0 81CJ*. Cft5%i-(r^3lfr6 

gs^sasi) a>«ffi (07) $fc. D t 

2) OSBItimiB (3£9'JtiS?iJ) «SSJ&ttyAtl*t**H 

[0029] ±sz<Dwmmmizmmu mmm-tn&n 
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(voc) (Dfemum&vmmicn lt^^-su^ is% 

«^©*-b;bjB^il%SI83tt«a (is 
c) <»W*W&&W-*mteto 5LS#J^« t 15%JWrt 

[0 0 3 0] (B) 

bhwiji t *n*a»r sanifiio 2jgicj:-oT*g 

jLlfa&s flu & 7 7 ;U = - r >i^, f > 

i>'9i»§) . gfctt&tttt&JBtttb'to 
A-7X*g^&{b*&U IMbXXlc?-;/** F-7Lftt 

[0 0 3 D *«itsitf*(iaisaistffi^aat''. » 

$ Lt^HSfitWSSBttlOOO/'nWTTfe U . * 6 K 

[0 0 3 2] S^*«1±£mt:U:9IM0«|(«:a^T£«il 
ttfi8SKT»y. 400~900nm©ifiSSHlCtSUT. ft 
^#<oaa*tt, 50%Ut±T**«3B t »SL<s 70%1X 

[0 0 3 3] -HMS»HI!te*«fi8U fro, igl^Stt 

im2MSfcyo.oi~ioog£T*©tf»$u.\ ^ro^mji 

[0 0 3 4] »giSMM£:Sfc(*£ LT«» «7X«fttt 

XXt^6ft«««JI«fi=l^ KOV-$f5R7P- KJ9 

£IStt/ct>©£m^0)tf aiUl*y?-7-i'yl/A, 
(D«*4<i:LTl*> 5 1 h^7'-fe^;HziUP-7. (TAC) % 
^'Jx^UVxUX-JfU- h (PET) „ <KUx^U>± 
(PEN) , i/V^^^f'^^UXTUV 
(SPS) , ^'J7izL/>Xil/7^K (PPS) » tf'JA- 
(PC) . 3fy7*UU-h (PAr) , 



*> (psf) , jKyiXT/i/^ty (pes) » 

-tM5 K (PEI) „ ltt-f'JtU7-fX 7'PMb 

7i/+i'*tf$5. +«&a^tt*««-r*fc«6n:. 
*«tt*«M<k*©J6ft * tt Zf? X * tt 75 X ^ y ^ 
©£J#i* 1 m2afcU0. 01 ~100g<t"r * Ll\, 

[0 0 3 5] aWW«ttS»#©aEfit*Tlf*BWTA 

&y- K*Jii^«<Dtf&s lia, ftau-pa>«MU7 

©±K7»|{* K-7LfcSWbXX» SfcttlTOKti^S 
l&Tli#£ L < 1*1 0%lXrt. <fc y »S L < it 1 ~ 5 % i: 

[0036] (o mxm 

gct'J, ^tt^ft^ttCODm^SttlXy, &MT2> 

[0 0 3 7] (1 ) ¥*1*ffttfc7- 
ft«fM£9« % lll-V3Kfl:dtt¥Wtfc. SH©**!/^ 

hP>f7A, *$>Stfj;U->7.k, ^-S?>^±hy-7 

[0 0 3 8] »$Lt^M(D*;l/=iy-K<!:LT. 
7X, ffiffix I*. 9>^XfX -7;UP--7A. y\ 

fh'm. 5>^7, l^-'JOU. -*7\ Sfcti^ 

>*iKD»<b»» *K57L. Mtts yy** 

<b-&*¥aw*tUTttM§a» #'J-7A, -rv-^^A, * 
K5 7A»©y><b%> ary7i*-k**fctt«— r> 

[0 0 3 9] *^(cffl^^>^tt;w5f$ L^af*0ij 
Si, Ti02x Sn02> Fe2<)3. WO3. ZnO, Nb20s> CdS, Z 
nS> PbS, CdSe, CdTe, GaP. InP, GaAs, Culn 

S 2 , CulnSe2^Tfcy> J: L< ttTi0 2 . ZnO, Sn 
02^ Fe203. WO3. Nb20s, CdS, PbS. CdSe, InP, GaAs. 
Cu I nS2^ fcliCu I nSe2T^ V. $ L < liT i 02^ tc 
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[0040] *mmzm^z>*mmtmi£i' B T- i $>&&i& 

t££PXk J^ttiftSHS, A' 

[004 1] ¥mi*fflif&3-<Dm&te— 8£lCnm~/jmC7):* 

53?«)/c-:**i?<D¥iS)*"itiSli 5 ~200nmTfe ; 5C06W 
SL<, 8~100nm#<fcy$?$HA, £fc#iJ<;$*4>¥ 
(=:*&?) <D¥^&*IttO. 01 ~1 Outfit? 

[0042] KS^^WS^:^ 2 mWM±<Dffi.mtt : & 

*|p|±*«*aWT» #J;i«'300iwgJt 
cO^flsS?^ ;HcS'LT i t><fcC\> 

[0043] ^ttfitttdPCDfEHai: LTli. fWEsS* 
CD r^>b-y;U;£<D^j 7»^**JM± (1998*) » ft 
ffilfSSffi^© r - yiUSKtCA «*K 3 - 7 W > 
Wn (1995*) f?icfaB<D^/u-^k£. t2*&3E<D 

XreSMttJ » *TUfc. fg35#. I9f, 1012~1018 
Jt (1996*) lcK«©y/U-y'iUSStf#3:Ll.\, SfcDe 
guss&#IHBLfttttt«*^JItt'f^ft:UO*#tt 

[0 0 4 4] ¥*#Mi?tfgHb**><Z>*§^, ±§BV 
rmb**> iwttJSjatttRj &«£tuis (1997*) 

12^. 3157~3171H (1997*) fcSBIE<D*3s£*>, /\*-> 

Ke^^-xhu- • ^yz/kX mio 

^. H9^, 2419~2425IiiC|B«fl!>£S£*>»* L<,\, 

[0045] (2) ^mmmi-mnrnm. 

[0046] ^tt«tt?<&»»»*fBH-r zxmt l 
ti*. iraeyju-yjusoflsic. At*?*- yaw* 

[0 0 4 7] #tH8£LTtt» *Xl*SacD#«|j§« 



— ;k 2>'?PP**>\ J'-trhX 7 7 -bh-h'J;k ff 

[0 0 4 8] 2Mi*«<!: LTtt» 7^^- >3>^ 

* — ><?*m— ^iCT-^^OtLT. !(tiiPS58 

1294^, [^2761419^, |s]2761791^lf iClBKcDT.^'f K 
i^Xl-ilz-yaVS, ?>SKM«ff 

Ll\, >SitEPBiJ2J3j<t LTtiv ARE, *7-te-y hStf-?' 
7t"7'(D3±epBiJ;£^liC46. P7»)£, X*y- 

[0049] *mtemt*<Dimm<»ftm&*mtomL 

tf0.01~500Poise) THix^T. HU-v^a >>£. + 
(0iJjltt"O.1PoiseJirF) Ttt^-fK*^-*, 7Y 

[0050] itmtomiLW&immime-r. mmv 

K* •> / \*->£ tiHi LTl^o * * JiSi ft * r 
(5)B$lc^)l^M?iiLT i t. c i:<. SEft^+aiHWI^fita 

[0051] — mc^mteWLtiL^mcomz mftmom 

* t m C) ^ S i:'mteJgfiffl®a 7c y ©JSJf & 
»* LIW^" liO. 5~30|um-C : S«.o 7tAWtDSW<I'JO» 

»if»s©7, ¥^<*m , i? L @a)Ji*ii. i ~iOMm 

efL<, 2~9 /jm««J:yjff* L<s 4~7jumfl« 
y ^ffiliO. 5~30gfl«»* L < . 3 ~12g*f*<fc »J L 
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[0052] ¥«tttttfc? *mnv£3ift #±tcm*6 lt-c 

Hli40°C J-X±700°C*jSTfe U . <fc k J S?3: L < t*1 00°C J-X 
±600X&LTT'&2><, *fcifflf»BtlHltt10#~10B5IHHIfi 

L < & l\, £ K: X h Of!* 6 tT? £ [S V ffi 
STS^ffliiWS LIA, ®ig<kt*5felca5^fc 5 nuii-XT© 

SIC J: V°I&t t^ 0 

[0053] mm&mk*mww&3-<»mmm*¥gi<-£ 
[0054] ^■mww&^t^<<D^.m^mmt^zit 

ftT-Z 2> <fc -5 Kfi®**©:*:*^ t>4> d ©ft 

*Siiffl*mcS}LT10teJ.X±T"££©tfj!?$ L<, 
* 8K100teW±T££<DJbW$ Lt\ C©±Htt1#lC 

$ijpmi&t>«\ a«iooofgs)ST*ss,, 

[005 5] (3) fe* 



[00 56] C 3 L7tfeS6l*¥aW*tttl?fl!)aBBtC»r 
^S^&SSnS (interlocking group) ^WLTl^W 
tfjftU^. U^ltLTlt COOH*. OH*. 
S0 3 HS. -P(0)(0H) 2 Sx -0P(0)(0H)2»> * 

^U- hfeiya-fr H/ U- r-C0J;3^:7Te^tt=& 
*rT3*b- Mb»tfWS*l*. fc^TtCOOH*. -P 
(0)(0H)2Sx -OP(0)(OH)2»3tM#tC»*Ut\ CftSCD 

[0 0 5 7] «T> «ftHU:flll'»*#SH/»&SI5*JMt: 

[oo5 8] (a) ±mni*&m 

flJ*«'*III1tfl : 4927721^ 15)4684537^. [D5084365 

[p]5350644-^. |W]5463057-5^ |B]5525440^ *Sda¥7 
-249790^, ^¥-10-504512^ ■SS^I J F98/50393-^« 

[0 0 5 9] Jbl:*PT*fflU5)l/TifAmftI 
ttTBB— «it ( I ) : 
(Ai) p Ru(B-a)(B-b)(B-c) • • • ( I ) 
lC<fcUfi;*-*l£<D##£ Ll\, — flSiC (I) *U A^iC 
U SCN, H 2 0, Br. U CN, NCOfc ^rfSeCNfrSfc^Sffr 
6awrn7ilBtt?*a U pl*0~3(Dlii5rc T ;fc£„ B- 
a. B-bfeckt/B-cli^ti^nJiillcTia^B-^B-IO : 

[0 0 6 0] 

[<bi] 
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[006 1] (tctcU Rnfi;!kXJ5(?£fc(ijU&E« 




m m-sm. mm-&) ) lauunM^ 

[0 0 6 2] £gl§f*fei?l<D#$ L^«#0J£1XTIC^ 
[0 0 6 3] 

Kb 2] 
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(AOpRuflJ-aXB-WBO - - (I) 





Ai 


P 


B-a 


B-b 


B-c 


R11 


R-1 


SCN 


2 


B-1 


B-1 


— 


— 


R-2 


CN 


2 


B-1 


B-1 


— 


— 


R-3 


CI 


2 


B-1 


B-1 




— 


R-4 


CN 


2 


B-7 


B-7 


— 


— 


R-5 


SCN 


2 


B-7 


B-7 


— 


— 


R-6 
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**WK«fflr*fe*0»*Lt^^^>feJ|ftt, >K>, 1 9 64m x- • XZ* • X*-^-(D.M.S 

>fe«* *nzsT->&m. T.WWOUQmteECD turmer)^ r^rnV-f? U y ^ . a >;\°^ >X-7^ 

fe^X^T^J 'J^Afe^^Sf^ LL\ X h'J- (Heterocyclic Compounds-Special topics in 

[0 0 6 7] e:ft6tf>fe^<D^J#>£tc^^Tte\ XT7 • heterocyclic chemistry)j , E18S> ^14gfu ^482fr 

XjU • n-^-(F.M.Hamer)^ r/\^p-y->r<7'J^^ • 6515H. i^a> • ^-f "J- - T> K • +7>X(John Wi 

a>/ W>X->7r >$VX • 7> K • U U< 7^ K ley &; Sons)*±- ~ zl-3-<7 % p>KX 19774£TU> 
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(Elsevier Science Publishing Company Inc. )ttTU% — 
n— 3-9. USHt^l. 077.611^ Ukrainskii Khim 
icheskii Zhurnal, S40^ ^3^. 253~258Ms Dyes 

and Pigments, S21g, 227~234Mfc<fcc) : c:ne.©3t 
MlzimZftttMlZteZiZMZmZtlZ^Zo 

[0 0 6 8] clCOffe. :7$P->3TX>fcJ:c»:7$P-> 

[oo69] ( 4 ) *m&mk=f-^v>z>mo>mm 
arr*t\ &iiM)*ja**»(*:att?Jiic«<6r-s*a 

Sffll^CttfT^i. fu#<D*§-&* 5S-^;£, f^77 
^FJ¥7-249790^lcfBi6*nTt^ <fc 5 lEttH&aS&LT 

ptf^xr-y^l/f?) x zhP^^x /\py>{b^b7k 
^ (-^DPWX >^pax$> x -i7PP^;l/As 

5 1 h5k: Ka77>f) , -»^l/X>U**-> K\ 7*5 
(N,N— »^U*;|/A7'5 H\ N.N-vy^yl/Z-tr^ 
= KH) , N-*^;Ufcfpy 

[0 0 7 0] fe*Oitjg(7)if£)SlCO^Tt,s 
TlWffJJ5£B#<!:|ll*Slc. M^mm (flHJ?H*0.01~S00Poi 
se) Tlix-^7. hSU— ?3 >^a)<ti2KSffl£PBiJ;£#ii3^ 
T*y, SJfcfflteSESS (0y*.tf'O.1PoiseJ.XT) TliX^ 

i^-rtit^— turner ^ct^DiHgT^^o 

[007 1] d0)cfc5lCfe^<D^fl5jg<O*S^ ^ffiS, 



[0 0 7 2] 5£Wm<D&m(D&mm*Vtm<Dft%LlZl3: 
?S®lC7j<ti^l!R§n)(7D^jgl*^7c44), ^iglcM^-ric 

[0073] e*©£ffiffl»a\ #mi*5£#<*<Dm<»?i 

19 (1m2) arcyo.01~100nrnol*P»$ LlA, Sffcfe 
«®¥«1*tttt?fcttr3iRM(i. ig 
^/cyo.01~ 1 iranolT-ao^WtffcFi: Ll\ 
SSOi!BSfi<bT*c:<!:l;:J;y, ¥9f*(;:S3l*3lMEg(>jR 

[0 0 7 4] ^(75<fca^femie|±CDfflS^ffl^gM-r 

[0075] ^»%fe^05^^(gii-r^ae*)T\ fe* 

4-t-7'^;Ut:°'J ex;l/t°'J ->'>ftfflfbtl 

mmrnic mm l zm ^ z t * i\ 

[0 0 7 6] (D) mM^l!)® 
t©T*«f«aW«:«Wlia«»<3!)fflli:LTtt, (D-r* 

*^?2>mmi&w.Mn. ^^izitmwmmmt^mf^ 

LT, tt?$i2l«*4-^iE?L (*-Jl/) tH2S«»^ffl^« 
[0 0 7 7] (1 ) j§Sl!tg^fSK 

^mi^m-Blt. <9Jx.l*'W095/18456^, ^^^^8-259543 

^ nn.it&. m65^. n-^. 923M (1997^) miz& 
miEt\z^%WJ-7hM. -fs^y^n hy 
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[0 0 7 8] »$L<ffl^^Ct©T#^J§I^<!:LT 
It. TIB-flSiC (Y-a) » (Y-b) SO (Y-c) Wftl 

O 



Ry1 

Ry4 

Ry3 



Ry,1 +/ Ry2 
Ryfi X / R V3 
RyS Ry4 

[0 0 8 0] -ISiC (Y-a) Q y lti^|g^t«lC 5 
"To Q y i liMmi^^ 7k^J^^. gillie mkWf-Tk 
y^lf^tt^tfa?* LlA, 

[008 1] QyltCcfcf ffJ^tl^5*31li N **-yv>' 

-/was, ?T?—ivm+ -fzw-iom. tr^y-ju 

7 7- jUSRXtt h'JT 7 WBTft L < v * 

it, eysi»?B, tiy^v>^ 

>^Xli h 'J T 7 S»ST£S<Dtf L < s k° 'J 
Ta6«0)ti«J:y»SLtNo 
[0 0 8 2] —(ft* (Y-b) cf». AyittBJRIS^Xtty V 

[0 0 8 3] — HftSC (Y-a) % (Y-b) SO (Y-c) tf<DR 
y i~Ry6(i^ti ; en34jiicB^xti«B»ro7';u*;us 

g. x^;i/g, 7Pt a ;H> •fvynkf/us, "O^/U 
g, '\*->/^g^ ^■<7^)VS. 2-x^;i/^\^->;us v t- 

^-^/Ug, xv/Ug, K^v/Ug, t 1 h7fv/H> 
2- / \+->jl/fv;H, tf-J'-S'-ri^l/g, v"j7P^\+->yL/ 
g. V^D^Vf^SH) „ sSlMifi&Xli&S&c&T' 



*sccfe y artist, otfmf 5ti%o 

[0 0 7 9] 
Kb 5] 



. . • (Y-a) 



. - - (Y-b) 



. . . (Y-c) 



SI?) <i:y$f$L<li^^?S2~18tD7';l/ 
*;l/SXl*^»)l?i!l 2 ~180D7';U^ - ;UST-^ y . W 

[0 0 84] &tc. — flftxt (Y-b) ^0)Ryi~R y 4«)5-e 

2 oi-x-ttfeiHcjiiie LTA y i *$fe*3tsaiai*jBriE 

UW<, —(Kit (Y-c) tf<DRyi~R y 6<D-p-5 2 0J.;X 

[0 0 8 5] -«St (Y-a) , (Y-b) SO (Y-c) *CDQ 
ylSORy1~Ry6t*B}^S^W LTl^Tt «fc < x LC N 
B&gtDflJi: LTli, MPy>®T (F> CU Br. I 

mm) . 7'y-p*->s (7i/*->»i) . t^u+ju 
**g (**;i/^*g. x^;u^;*gi?) , 7»jba*5/ 
t))^-i^m dh*->»ii/*-iHf) s Kiixf 
ivm (ih*->*Maw*->if) s z^i/S (z 

x;Ug (y-S*>;*Jl/*x/ug, ^>-tz>7Jl/*.z.;ug 
I?) s 7->>is**~sm "CW-Ob** 
->gif) s 7ji/*xii,7|-*->g (*$yx)i*-)\,** 
->g. Hl/X>7j|/*=;l/:j-*vgl?) N **.*x./Ug 
(v-x^/l/*7.*-./l/gl?) . 7= Kg (7-tz*l\s7 ~ 
yi, ^:>W/U7'5yg|?) , fcyUM^E-nug (N, N- 

v^^i^u/^-fvUgH) „ 7)\,*iim (^^;ug. 
x^;ug, ^pt°;ug> -fy7ntf;H, v">a7nt! 

If) , 7"J-;i/g (7izin s h;u-ryugll) » mm 
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[0 0 8 6] —HKC (Y-a) » (Y-b) Xt* (Y-c) ICJ: 
y«*ft*fb#tttt. Qyl3^*Ryl~Ry6^^LT^Stt: 

[0 0 8 7] Z.ftZVmW'&te. #34T«fflLTt, 2 
/\n^>ffcSi-f*> (CI". Br-W . NSC", BF4"s P 



(VI) 



o 

+N 



C 8 H 17 (n) 



F 6 ". C I O4-- (CF 3 S0 2 )2N-. (CF 3 CF 2 S0 2 )2N-. CF3SO3-, 
CF3COO-, Ph 4 B". (CF3S02)3C~H#$?;£ LlMSUi: LT^ 
5+1. (CF 3 S02)2N-Xl±BF4-T^^>©^<fc y L 

[0 0 8 8] L<ffl^6ft*»B«©ftft 

[0 0 8 9] 

lite] 

Y1-1 X=l 
Y1-2 X=BF 4 
Y1-3 X=N(S02CF3)2 
Y1-4 X=PF 6 



(Y2) 



o 

C 12 H25(n) 



Y2-1 X=l 
Y2-2 X=BF 4 
Y2-3 X=N{S02CF 3 ) 2 
Y2-4 X=PF 6 



(Y3) 
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+IJT CH 3 
C 4 H 9 (n) 



Y3-1 X=l 

Y3-2 X=BF 4 

Y3-3 X=N(S02CF 3 ) 2 



(Y4) 



(Y5) 



CH 2 CN 

CH 2 CN 
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Y4-1 X=l 

Y4-2 X=BF 4 

Y4-3 X=N(S0 2 CF3) 2 



Y5-1 X=l 

Y5-2 X=BF 4 

Y5-3 X=N(S02CF3) 2 
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Y6-3 X=N(S0 2 CF3) 2 
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Y7-1 X=l 
Y7-2 X=BF 4 
Y7-3 X=N(S02CF3) 2 
Y7-4 X=Br 



(Y8) /— \ + 

H 3 C" N N^ N *C 4 H 9 (n) 



Y8-1 X=l 

Y8-2 X=BF 4 

Y8-3 X=N(S02CF 3 ) 2 



(Y9) 



H 3 C NN f^ N *C 6 H 1 3(n) 
CH 3 



Y9-1 X=l 

Y9-2 X=BF 4 

Y9-3 X=N(S0 2 CF 3 ) 2 



(Y10) 



(CHsjCHsjO^Hs 



(CHaCHgOJaCHg 



Y10-1 X=l 

Y10-2 X=BF 4 

Y10-3 X=N(S0 2 CF3) 2 



(Y11) 



(Y12) 



{CHaCHaOJzCHg 



[ /-CH 2 OCH2CH20CH 3 X" 
(CHaCHzOJaCHg 



(CH 2 CH 2 0) 3 CH 3 



N+ 

icH^H^JaCHs 



Y11-1 X=l 
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Y11-3X=N(S0 2 CF 3 ) 2 



Y12-1 X=l 

Y12-2 X=BF 4 

Y12-3 X=N(S0 2 CF3) 2 
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/ y X" X" /=\ Y13-2 X=BF 4 

, ^l^ N \^ N \ ^N. N Y13-3 X=N(S0 2 CFa) 2 
(n)C 4 H<f ^ N (CH2) 6 ^ C 4 H 9 (n) 



\==/ Y14-1 X=l 

™ Jim "4-2 X=BF 4 

H 3 C ^ ^C 4 H 9 (n) A Y14-3 X=N(S0 2 CF£ 2 



/=\ Y15-1 X=l 
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(Y16) 

X" X - ,= 



Y16-1 X=l 

HsC-^N^CH^O" 0 ^ Y16 * 2 X=BF4 

\—Z Y16-3 X=N(S0 2 CFa)2 



(Y17) Y17-1 X=l 
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CH2CH3 

(Y18) CH3CH2 — lj^C 4 H 9 (n) 
CH2CH3 



(Y19) 



<pH2CH3 



H3C-^— (CH2CH20)2CH 3 

CH2CH3 



Y18-1 X=l 
Y18-2 X=BF 4 
Y18-3 X=N(S02CF3) 2 
Y18-4 X=PF 6 

Y19-1 X=l 

Y19-2 X=BF 4 

Y19-3 X=N{S02CF3) 2 



(CHaCHaOJgCHa 
-kj±- 



(Y20) 

CH 3 (OCH2CH2) 2 -N— (CH 2 CH 2 0)2CH3 X' 



I 

(CH 2 CH20)2CH 3 



Y20-1 X=l 

Y20-2 X=BF 4 

Y20-3 X=N(S0 2 CF3) 2 



Y21-1 X=l 



/V91\ (OC3H7 

™ (i)C3H^_^ CH2CH3 X- Y21-2X=BF 4 



jl H Y21-3 X=N(S02CF 3 )2 



(Y22) CH2CH3 

CH3CH2 r|J CH2CH; 
CH2CH3 



Y22-1 X=l 

Y22-2 X=BF 4 
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(Y23) 



(Y24) 
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Y23-1 X=l 

Y23-2 X=BF 4 

Y23-3 X=N(S0 2 CF3) 2 



Y24-1 X=l 

Y24-2 X=BF 4 
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(Y25) ff -W J, V25-1 x=. 

HgC-P^^Hgtn) A Y25-2 X=BF 4 

C 4 H 9 (n) Y25-3 X=N(S0 2 CF3) 2 



(Y26) 



O (X Y26-1 X=l 



S ° 3 

CH 3 CH2(OCH 2 CH2)2 (CH2CH20) 2 CH2CH 3 



(Y27) 



(3 



Y26-2 X=BF 4 



k^N^? X" Y26 -3 X=N(S0 2 CF 3 ) 2 



Y27-1 X=l 
Y27-2 X=BF 4 



f* Y27-3 X=N(S0 2 CF 3 ) 2 

(CHjjCHaQJjjOCHjjCHs 



CH 3 



f^N'^i ~ Y28-1 X=l 

(Y28) f 0 °N Y28-2 X=BF 4 

O r O cf Y 28 * 3 X=N(S0 2 CF3) 2 



CH 3 
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Hv*^Et Y29-1 X=l 



Me^ X .Me ~ Y29-2 X^SC^ 

l[J Ijl Y29-3 X=BF 4 

Me Me Y29-4 X=PF e 



H-^Bu(n) 

(Y30) Me^Jv^Me Y30-2 X=N(S0 2 CF 3 ) 2 



Y30-1 X=l 



Me Me Y30-3 X=BF 4 

Y30-4 X=CF3S0 3 



H^+^(CH2CH20)2CH3 

XY31-1 X=l 

N N" Me X" Y31-2 X=N(S02CF3) 2 
Me Me Y31-3 X=BF 4 



Me^+ .Et 



X. 



Y32-1 X=l 



Me»^ x\ ^Me X 
(Y 32 ) IjJ IjJ Y32-2 X=N(S02CFa)2 

Me Me Y32-3 X=BF 4 
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CH 3 (OCH 2 CH2)2^+ ^(CH 2 CH20) 2 -CH3 

1 Y33 " 1 X=l 

^ Me ^N^^N" MS * Y33 " 2 X=N ( S °2P F 3)2 

I I Y33-3 X=BF 4 
Me Me 



9 

f Y34-1 X=l 

(Y34) m^^K^m ^ Y34-2 X=N(S0 2 CF 3)2 

Me Me ' Y34-3 X=BF 4 



a-tCHzCHgOJsCHg 
Y35-1 X=l 
N N^ CH3 X" Y35-2 X=N(S0 2 CF3) 2 

L^J Y35-3 X=BF 4 



(Y36) 




, , . +^CH 3 
H 3 C N CHaCHzOCHzCHzN N 
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[0 09 8] (2) mSSifi 



Y36-1 X=l 

Y36-2 X=N(S02CF3) 2 
Y36-3 X=BF 4 

ct LTli L i I s NaL Kl, Csl, Ca 12 

3— Sf-f K. \&) s JZLtU3— 94 h\ 4=.9W^U 

E) » B r2t*fk»0)«*^to-B- (JHMtli: LTttL 
i Br, NaBr, KB r, CsBr> CaB r2 St* 

P7< K, t°'J v-O^^P^-r K^:<!: , 4j»7 7 > ; E-^ 
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CD3 ^igi&£*§^£tatf 7c«8M#*?P.8T-U:#£ L 

[0 0 9 9] »^ L^S^»;ISli0.1MJ-X±15MJ-XT 
Tfetlx * ^icjf^ L<tt0.2HJ.X±10MJ.XT^^o £ 

mmmito. 01 mj.x±o. smjxtts^o 
[oioo] *mw?mMmiztiim?z&mt. *5g# 

3^-^<!:LTt±x x^U>2j-#;|t- K ypk°U> 

9 y vv a<Dmmmit^. v 

-jUv'T'jMrjU-^/k yntfb>-?'J zi-H-JTil, 
*;Ux— x;k ^'Jif l^>^U3- jUv^/l/^/bx- 
rlW *'J Zfu fcf U><?U P-Jl/v^JM^I/X— ^Jl/fc 

f©ftti-fjn, *2./-,/k x*/-;k x^u 
y?~yp-jke/7'ji/*/ux— ^Jk :/pt:°u>?'yp 
-;kE/7';i/*jux-7 i Jk uv^'J^-ji/t 
/T'ju+jux-T^k #y :/p truv^y a-;kE/7' 
>k£jkx-7 L /u&<b<7>7 7 Jl/P-;l/^ x^uv^fyp- 
;k yptfU>->"U=J-;k <Kyi^u>^yn-;k 
<K 'J y □ fc° U V ? 'J p -;k 'J -t 'J V£ ^©^ffiT 7 ;!/ 
3-/I/SL T'-trr-xMJJk VfrZWJ—hViV* ^l- 
^i// 7 -* r-xhyjk ^Ptf*xh'J;k 

[0101] $fc. *^Tli. J. Am. Ceram. Soc ., 
80 (12)3157-3171 (1997) (CfBtES-tlT 5 &ter-:7 
^HfU5?>^ 2-k°P'JV. 2, 6-)WJ>m<Di&mi£. 

[0 10 2] (3) yiUWKH 

T'^^o # 'J ^-rfchU K J; y ?Mf£HZ>i%-£it. "Po 
lymer Electrolyte Reviews-IJJtfcTj-T' (J.R. MacCal lum 
<tC.A. VincentCD^B. ELSEVIER APPLIED SCIENCE) (C 

&mzfttcit&%*mmTz>z.£tfTa?z>b\ i*ic#y 

TWO- MJJk <KU7-y(bti-'J5 r >^{i?$L<« 

it5citfT$5o 7t-'<;i/^i/'(b§u^pic<t yyjHt 

*-ti-51S^liJ. Chem Soc. Japan, Ind. Chem. Sec. , 4 
6,779(1943), J. Am. Chem. Soc, 111,5542(1989), J. 
Chem. Soc, Chem. Com mun. , 1993, 390, Angew. Che 



m. Int. Ed. Engl., 35,1949(1996), Chem. Lett., 199 
6, 885, J. Chm. Soc, Chem. Commun. , 1997, 545lC|E 

[0 10 3] Sfc, tf>)^-<Dm&m.foK&VWMn* 

*v9-im. Y-VT^-frm. tiwjym. tr^y 

;k xjb*>sixfik M^p^-r k\ -r 

[0 10 4] (4) jERMmm 

copii**»*^to«fciE?Lii3a£»»*affl-r*c t# 

[olos] (a) mmttimmttn 
*&w\zmm^ifettii&m.ii%imttH£LTi*. n, n-- 

y7I-JK N'-tfX (4-^ ht->7iIJl/) - (1, 
1'-kf7iX;U) -4, 4'-v > '7'5XJ.Hagenet a I., Synth 
etic Metal 89(1997)215-220) , 2,2',7,7'-rl-7^ 
(N,N-v>'-p-^ (•+->7iril/7 = » 9,9'-Xt:Ptf7 
;l/?|-b> (Nature, Vol. 395, 8 Oct. 1998, p583-585fc * 
I/W097/10617) . 1,1-tlX {4- ('J- p - h 'J JUT 7 5 S ) 

^illSSLfcTf ily'75 >"fb^«5l (»MBa59-194393^ 
iiffl) s 4, 4, - tfX [ (N-1-t7f;W -N-7i3 
75/] f7xXJUTfta**l^21lJ-X±<D3S»7'5> 

^^a^ 2 flJ.x±ro*i^§iKS6 ,i g^j)l?icE}$ Lfc5? 
WmT~> «fBB¥5 - 234681^45«) . h'^i-^ 

h'J75> (JRll1tfFm4, 923, 774^. ^¥4-3086 
88^AW s N, N'-v>"7XX;U-N, N'-tfX (3-^^/1/ 
7iI)W - (1, I'-tOiX/k -4, 4' -y'7 £ >lf(D 
7?#Slv7'S> (3KGEH$SfS4. 764, 625-^) . a. 
a. a'. a'-Th^yfJl'-o, a'-fcfX (4-v > '-p- h 
y;k7' = y7xxyk -p-*->U> (1tP*W3- 269084-^ 
4S«) , p-7iZl/>->*7 = >m ttZtetLT 

iLfmizmmn k y 7 mi/7 ~ «t 
-i2927i*4i«o » ^-^m^mm^T = /mnm 
mmmLrdt^ mmw-nsmmm) . x^ 

T~> (#BB¥4-264189^IB) x X? 'J ;l/«5S*S 
■T?)7?S)5Sv ; 7'5> (^P Jf W4-290851-^ii$B) , ^> 
•7'Jl/7iZjl/ft^l!! (^88^4-3641 53-§-4i?H) , 

ti^ymTsmy ~ >*mt£ Ltc*><D (f#p w ws-25473 
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*45ffl) x h'J75>ft^» (t#H¥5-239455#ii 
IS) . fcfXv^yv^l/T'Sy lf7iZJl/ CftW¥5-320 

634^ig) s n, n, n- h <j? z-i\,7 =>mm& m 

§^V7 7 = > (^¥7-138562^) % y'7 = /7IZlb 
7I^>KU-^>BSflM* fl$M¥7-252474^) SKa*? 

[0 10 6] iEfcx a-^-j7^;L/^7)-7x>33J:tfa.aj 
-v'A*-/jl--a-*^f)l/f*7i> (Adv. Mater. 199 
7, 9, NO. 7, p557), Kfv-;1/ KxS/*:*? i > (Ang 

ew.Chem. Int. Ed. Engl. 1995, 34, No. 3, p303-307) s 
2, 8-57'\*5/jU7 , >'X5 [2, 3-b:6, 7-b' ]yft7i> (J 
ACS, Vol120, NO. 4, 1998, p664-672)l?£7);*- U d^7|-77 1 
>ft&*» ?KUb:°P-;U (K. Murakoshi et al.,;Chem. 

Lett. 1997, p471) . " Handbook of Organic Conduct 
ive Molecules and Polymers Vol. 1,2,3,4" (NALWAH. 
WILEYmtS) U:Ett*ftTC , 'S# , J7*-te*b>J3«fctf* 

commit. tK'J(p-t'x-u» tsxif^ammfc # 

■J( p-T'i-UVfci-bV) fc«fclf*©fSSK** ^KU^ 1 
X " U > t: - U V cfe *©SS5Mk *° 'J * 7 1 >fc 
«ttf*<OBSaW*, ^'J7'-'J>fcJ:ZJ : ^WiS«i*. tf'J 

[0 10 7] iE?L (*-/U) ^iMti^lcliNature,Vol.3 
95, 8 Oct. 1998,p583-585lClBffi*nTt^J:5lC K- 
/(>t-W?3> r-P-;Ur^/c«»lC h'J7 (4-7 
□ t7iZ;W 75r7/»^7QP7>ft^-h 
©J: -5 S*J >5> v>' A "T *{b£%*36fll Lfc 

»{b%¥»<*:«S©/K^>v'v;l/SiJffli (2HW£FJI 

©*!«) Srff 5 fctolCL i [(CF 3 SO 2 ) 2 N] (D* O 

[0108] (b) mmiEK^mman 
mmm.mm^nt lti*. p£i*K«i<b£4ft¥«<t«ffl 

lix / K*> 7#2eVW±T*fc* d <h $? * L < . 
* 8 K2.5eVJ-X±T'&£ Ll,\, $7i:x p^SS 

«Hb*«*»<*©-T * vibtfx > -> v jUttfefcoMEJl* 

t p aaa«<b^»¥3w*o-i' * >ib*f>-> + ;u©»^ 

L^KHtiS^oT < i>*>\ — fi5lc4. 5eVJ-X±5. 5eVWT 
7?$>%>Z. t JbWJ L < x * 6 K4. 7eVJ-X±5. 3eVJ-XTTS 

IK — ffi©«**€rtb£ 
tt¥^i*a)«>l<!:LTliCul, CuSCN, CulnSe2, Cu(ln,Ga) 
Se2, CuGaSe2, Cu20, CuS, CuGaS2, CulnS2, CuAISe2& 
iiftmfStlZo CCD^TtCulfcctU-' CuSCNtfifiEL 
<x CulflWfc»SLt\ C©S#<0pSia*Hb£»¥ 
mfttLT. GaPx NiOx CoOx FeOx Bi203, Mo02x Cr203 



[0109] p£ift«Mb^¥&*«dft-r3atfi9ib 

JfCD#3: Ltv^->l/i^ibgtil0 - 4 C m2/v • secJ-X±104cm 
2/V • secJ-XTT^U, L< tt10 - 3 cm 2/V • se 

cJ-X±103 cm 2/v • sec«T?$5. iETtx H?S5f£ltoic7>$? 
£ Ll^ffi=S(i10 - 8s/cmJ-X±102s/cmJ-XTT-$y. * 6 
KJflE L< «10 - 6s/cmlX±10S/cm£CFT25£, 

[0110] (5) mmmmomsL 
m%®wmo>i\mi5mi.m lti* 2 a y (D-K^m*. s 

[0 1 1 1] tu^cTj^cTJ^igifiil©^^^*.?: 

[01 1 2] &#c7>n£\ SiC^m^ifigicfcuTi* 

•fTf-^-xblBl^ilCx ;l-S-;£x □— ^>£x x-fy^Sx XT 7 — 
7"-<7;£x X-J7X FJl'— 7a>S> X7-fK*fA- 
iS, 7— f-/S->ix XtfVSx X^U-jS, * + 7h 

*aepBjs6*fl«*s.6ti*c 

[0 113] @»:Sft?M-^lll*c73iEfL (*-/!/) ^» 
$l»o ^^IE?Lia^«^liS^«5£, tt7hS, ^ 

ffia, xtf>p-h5£x -;i-^x sn£^^ Kvwa 

P-h^x jl-«;£x W»y-y*»*©*J6H:«ty«ai*3 
mm An £1 <b 

[01 14] mmit^x-zms. 

^•^)S5Cc7)lE?Lli3ll«?4c7)li^(clix ^iS^5I^*Hcx 

Rii6ftiE?L«iia«S(o«^«a^f*#jc j: y ie?l$s^ 
*aee«Lfc«, e"j^i*'7 , 6a^i^5v > ^yus^c7)73 

«^7?5Cii>g%t4-^ifM^ff icd; y jo:3BS?-rntf «t 

[0 115] JSfcx HB8«UB«tiO*»<kLTW:10.000 
pprnJ-XTAW $ L<, f5 ICS?* L < l±2, OOOppmWTT' 
&yx mz^L<i,f\00ppmLXTT^^>o 

[0 116] (E) KM 
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mutant* t mm<Dmvim&&ttm*m^ z>i&m&& 

a*. ±. ig, fl % 7 7 ^t/=- r >iA, sr^-yyL^ pv 
-XLfcfc©^) A^ifsti^o caxfefca** 

^ltmnmm^niS:^t>\ 3nm~10/jm#$j3:LC\ ft 

5 a< mJ-XTTS »J > * 6 L < li 5 nm~ 3 m nKD^H 

jata<OS5ili:LTli80n/nJ-XTTfetJ, 2r6Ki?£L 
< Ii20n/DJ.XTTS^>„ 

[0117] wM®W)m±Licw.mmmti*m 

ffi. ^^*Sr;:(i^S (PVO, CVD) SSJf£% 

3i&i*om-&tmmic. mznmtmmcomsiat. *a 

£J1 'J - KSMU: * £ AMKmO)i8,TmimW.V*i3imb 

corns tiRiUTS^o 

[0 118] §TJi<DftJ»J (3tffi«fcyT» -ffc^-eftA 

[0119] (f) tcomcom 

UJl<!:LTMiSLTfc< d <b*W$ Lt\ T^UM<!:L 
T$?$H/>CDliTi02x Sn02, Fe203, WO3, ZnO, Hb2dsT' 
$U, ^6tcjf^ L<liTi02T-fe^o TMtlJf liElectr 
ochimi. Acta 40, 643-652 (1995) iCiBtE^rftTl^XX 

u-/\Vp u ->x>£ic<t ygtft-r*c ttfT-?5, 

UJf(Di?$ Ll^MHli5~1000nmJ-XTX : ^'J^ 10~500nm 
[0 12 0] gefc, «ffiiLTflUBTSSMlte3atf*33 

fcti^, X7-< K<t-^•v/\-;^•¥'X-?7.^-;^-v'•^>5£A , : 



[0121] 

[0 12 2] 1 . 391**1£&ft*<DttH 

1) Jft±&0£ftj|ffl£&{* 

J?* 0. 4mmCD«R7 7 yl/* U 7J r ^XC7)St6<D>i®lc, CVD^ 
tcj; oT7 \yfft K-;7£W>=BMbXX*£ffiU:i$— ICP 
-t^V^U if*600nm, ESta8Jl50/CU ftjg 
>A¥ (500 nm) tf>8S%<DmW£=MHtXXm*RWtc 

2) tpmzv. mT^com^tmm^mw 

m-£0.4mmCDffi.7 7 l\'t) , )1i : 7XCD&fa<D} ! imc^ ±13© 

fc* JP*200nrrK SJgtfDft 6 O/D, ftiii;!* (500 n 
m) fl890%<O*«ttlT0 (^>y^A7Xlffl) £CVD 

tiv ft*Ja«¥a^©«yW*S»-r*T*6i LT. IT 

[0 12 3] 2. ZL^b^-?>«t^W^^<Dllii 
C. J. Barbed <Di. Am. Ceramic Soc.80^, p3157©f§3fc 

Sf&WSJS^230 <> ClCi§^ LT-^b^^ >3iS1 IfiS 

%^-^bf 1 ^ bfco i#stifc-Kfb^ 

$ 3fctt? tD^FtSj-tJ-'T Xl*^)10 n mT$ o fc 0 

[0 12 4] Z\ —Mlt+fOlzMLWMRo/o 

cotfiji.Tisy<f>j^-)\, (¥^)^S20, 000. mym 

[0125] 3. -mitm^mtomk^mottwi 
±iai<DD t2) 7HmLtc2mo>mfmwtmmoi 

T-100jL/mCDIl*.T-M?tiLs 25*C?60#IB*a*Lfc«, ^ 
^T500 o ClCT30^^'M^LT-^b9 1 'S'>®^^ffl 
Lfto =^b^^>tD«fflgli10g/m2TfeU. M^l*8 

[0126] 4. fe^qsssisromsi 
4oo~6oo n m*T*(D&mtom%im<Dpjyi$immmmiBi. 

(feSS A) x-?/-;u:dmso (95:5) 
lC0.0001mol/L<DSaT*ji/»L> ^fi0ffl<t LT^ y x^" 
*->n-;U^0.04mol/-L;^0L. S±SI?ro®7tJllCffl 

t^***e*©i»Sffli8*A*IB«Lfco 
[0 12 7] 
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[0 12 8] ««fi«lc750nm*Tl»in*lf6. Wfe 

0M<*#l<DRutg<*feiii (ft*R-1) mSiLkTU 
h- HJjU : t-X2/-;U (1:1) <Djg#j§&lc;lJt 
3XlO-4mol/L(C>§g?LT. «f Hlffi©JS3ttSfcJ§U>3J« 

[0 12 9] ft;ftSf'J^900nm$Tf!aJR^Wr 
ifS&MfeftLI, Jl«9J<DRuf§t*fejil (fi*R- 
10) T'-fe^- h'J;i/:t-7^y-yl/ (1 : 1) <0i 

^SSfiUcSSS X 1 0-4mo I /L tCjgfi? U ?b lC££Rfilt 

mi- h >j?i±*o. 5mm% : Mu LT-^m u »T»<DiR 

[0 13 0] 5. fem<Di!5^ 

>S®tt<Dg« (fi£-hSPJ8i£Jf JB) ±fB<D18grafeiK 
3KK Alt, if B#9*1£®SJS«iKSJB&X2&i& BtC 
IC**IE»3ILT, «jrF40°C7?3l«Htt«Lfco 
J: 3 K LT-Wtit^ ttfc© 

[0 13 1] 6. y£«5ft©fMI 

3a©fe*ii^Ti02^2<7)Ti02^ : & 1 2210mm<DIE^m 
.b&^^JIIIIkDJf £&$*§<t LTS«1. 0 c rr^Ogft 
SfcJSJgLfc. C*l6<Dgfl5^ H 4 ©Stifle L/ctf 

— STSPCDIUlcate^^-t+fco * etc. £TSB<DS&ftJf 

tLT® l E.mte.<0*° , Jm-l>>7'<')l'l± (SJ 
20/L/m) £g5ftjf ^I^Jglfc^lcJiALTBta^fo 
■y-, 7.^—9— a5»^120°Clt})D^LffiJl*tlfc«l5!tD 

[0 13 2] :^IC, X^-+t-C0n-^— aJlcfceft^D 
461Sit/cSJgiS>±jSffl(D/jN?L^iiLT, ^jR<k LTY7 
-2/Y8-1 /39*=1 5 : 35 : 1 (Mit) <Dms%b" 6 
ttlSSO-CODt fP*«efUfc*f Jffl LT««IH©gSfflfc: 
L^c$tir/c= Ja±ro-fe>i4l3iTifS<h. «»»»A© 
I?i^-r^T±lB<DS-'S-60 o C(D|£^m^THSg L 



[0 13 3] C<D«fc3teLT. »*B1±<Z>g£*JgftJl 

[0 1 3 4] GHfOftSTs 3aO9S3«iftJlfm0!>H4: 

6) fcfRKLfc (CdT't*±IBa)^tCfe6o 

SlE^fflLfc) o 3«©gl3tSfl)5-6 2a<D*« 

(3lS£0J2~4. 7) fcfHKLfc 
[0 13 5] «*S«3WiH:fet'»T. ±IB<DR- 

lOfejRT^LfclHt^VJifcftjLT* IHUfeiSR-IO 

■*fflt^a»sa-b;u c^ss^j 8 ) tfESLfc. cco- 

JtHldt^TSBKBttWE (Voc) 

[0136] mmtLT. m-<D&mmmmm 
[0137] 7. jmstMHivoatiE 

-5>3>ffl«jE7^il/-5»- (0riel*tSAI»1.5direct) * 
^« U «56^<DAI«tt^tf 10QmW/c«2lcfHS;* tlfc 

[0 13 8] f^Lfc3te«lMb^*>ft©««tii2J*«3it 

beehssb ($■- xmv-7/i>t-i_y ^23 

y#ttSftfc3tt««<b^«»©JTO«sK«ffi< J scK # 
&1Rtt650 n mlcfc^TW-S'J Lfc3Mt3tt«£©** At*3fc 
«^ft*IPCE (%) » HttlsWttBKECVoc). i*;U=e 
-**«*( rj)*» M-fe;l/0)JI«MM:&t>(cailcE 

[0 13 9] 
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8) <tJt^LTv atsvskffijt j sc. x*;b*-a»a 

[oi4i] 2) mmm3tmmmAcoitn^e>. ±m 

[0 14 2] 3) 5, 6WJt^6. (5]-C7) 



[0 14 3] 4) Hfi6ffi|1, 8£DJ±i&frS> -t;U^*M^ 
"T ^m-b;KDP^fii 0SSia«E VoctfO. 65~0. 66 V t m$ 

ifit^ssiaic^ 2>nmm-\ iz&^T. ^-t;ucovoc^o.42 

~0.66 V(7?iESIT«'60 < SiSfeflJ 8 T*tt«»-b;Hefc^ 
T VocAMST LTl N ^>6\ Ctlli 3 aa)*-b;KD VocOD 
^2H(lM#Wfillc^LT^^^9J^* !i 19%<!:^:^<. 
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[0144] c<7)j:-5ics ±tasifig«ija)ii6*^5. 

[0 14 5] 
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